Executive Summary
The Energy Efficient Buildings Hub (EEBHub) uses Sankey diagrams to visually analyze energy uses among buildings within the Navy Yard. This report describes the preliminary steps taken to incorporate multiple buildings in a district energy analysis, which can eventually be expanded to the Greater Philadelphia Region.
The Navy Yard analysis incorporates ~170 buildings, with energy flows and data broken down to building type and end use based on Energy Information Administration (EIA) commercial data for buildings. The electricity and natural gas consumption is provided by EEBHub. The largest end uses of fuel consumption are space heating (~140 MBtu) and lighting (~72 MBtu). The natural gas consumption is heavily used in the service areas (~120 MBtu) mainly for space heating. The electricity consumption is more evenly spread out among building type with the largest uses in office space and other (description in Appendix B).
As the Navy Yard data gets updated, there are opportunities to analyze the Navy Yard in other formats. The results of this preliminary analysis are to identify large sources of energy consumption, recognize gaps in data, and use Sankey visualizations to address the goals of the EEBHub.
Introduction
The Energy Efficient Buildings Hub (EEBHub) requested visualization of energy flows in Sankey format for buildings in the Navy Yard. These diagrams provide a compact representation of quantitative information from multiple sources of data. This work will lay the groundwork for visualizing building energy use within the Greater Philadelphia Region, which is instrumental to demonstrating the success of EEBHub. A quantitative understanding of interrelated energy flows helps to identify opportunities to deploy energy saving technologies.
The Sankey diagrams address several objectives identified by EEBHub -Integrate design, construction, commissioning, and operation of buildings -Integrate energy saving technologies for whole building system solutions at the Navy Yard and elsewhere in the region -Inform, train, and educate people (i.e. policy makers, community, workforce) about proven energy saving strategies and technologies
This report describes a preliminary analysis of energy usage and flows among buildings in the Navy Yard. The starting point of this project was to sketch a qualitative Sankey diagram that identifies important sources of energy consumption. We chose to analyze data by building primary use type to estimate end use consumption of the buildings. Details of the analysis are described in Appendix A.
The two sources of data used in this analysis are: -Energy Information Administration (EIA) tables that list major components of energy consumption for commercial buildings as displayed in Tables A2 and A3 . -Navy Yard data that includes building use type of 528 entities, annual electricity usage for 89 buildings, and annual natural gas usage for 48 buildings.
As the understanding of the Navy Yard energy use is updated and refined, Sankey diagrams can be updated and modified. 
Analysis
The starting point for this analysis was the 1/2010 -12/2011 energy consumption data for all Navy Yard buildings collected by the electric and gas utilities that serve the Navy Yard. These data were organized into a single spreadsheet containing electricity and natural gas use for ~170 existing buildings. Of these buildings, ~100 consume metered electricity, and ~60 consume natural gas. Such a large number of buildings cannot be individually depicted (each with its own "box" for energy use) on a single Sankey Diagram. Therefore, we chose to aggregate the buildings in the Navy Yard by usage type (lodging, office, warehouse, etc.) Because most of the buildings at the Navy Yard are not sub-metered, we needed a way to estimate the fractions of electricity and gas that are put to various end-uses (heating, lighting, etc.) in each building. We chose to use EIA's 2003 Commercial Buildings Energy Consumption Survey data to estimate the end-use energy loads in each building.
For each building at the Navy Yard, we multiplied the quantity of natural gas consumed (as metered) by the EIA-estimated fraction of natural gas energy applied to each end use in that building type. Similarly, we multiplied the quantity of electricity consumed (as metered) by the EIA-estimated fraction of electricity applied to each end use in the building's type. See Appendix A for the fractions of consumption applied.
We then combined these flows (2 energy types used in 10 end-uses each) into a maximum of 10 flows from each building type to the end uses. In this way, the total energy consumed for each end use can be compared with the total energy consumed for each type of building.
It should be noted, however, that this visualization is a draft, and based on preliminary energy consumption data provided by the utilities that serve the Navy Yard. While all data have been normalized to reflect annual energy use, the data are from the most recent time period available, and are not based on a statistically representative sample of historical values.
Conclusions
The Navy Yard Sankey diagrams depict estimated energy flows based on end uses of commercial buildings. The estimated end use values are preliminary, so they are not specific to Philadelphia or the Navy Yard.
The Sankey diagram does, however, provide a framework in which to discuss future submetering efforts at EEBHub. When a majority of the buildings are instrumented, this diagram will transition from an estimate of energy consumption to a compact form of energy use reporting.
Specific actions may be taken to speed this transition. For example, the Hub may want to focus on a specific building class (e.g. office buildings), and could choose to focus its efforts on the specific subset of buildings belonging to that class. Alternatively, the Hub might choose to focus on the largest end uses of energy: heating and lighting.
If available, the Hub might also choose to analyze historical data and compare year-over-year energy use, or depict the evolution of the Navy Yard's energy distribution systems (transition from steam to gas heating, for example.)
Ultimately, this preliminary graphic serves as a strawman template for a regional energy dashboard, whose key attributes will be defined by EEBHub personnel and other stakeholders.
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Appendix A: Energy Component Data for Navy Yard Sankey Diagrams
A breakdown of energy data by commercial building type and end use is published by the Energy Information Administration (EIA) 1 . The data is separated into seven categories of principal building activity (i.e. food sales, lodging, office, religious worship, service, warehouse and storage, and other). The EIA data also breaks down major fuel consumption to end use (Table A1) .
Data for the Navy Yard buildings includes the primary building type and estimated electricity and natural gas consumption 2 , and is currently being updated by collaborators in the EEBHub. Older versions of the data may have significant uncertainties associated with the data. Possible reasons include: buildings have changed from steam to natural gas for heating, and permission for data collection is still needed for some buildings.
The steps taken to evaluate the building data: 1) From the EIA tables, calculate the fraction of end use type for each building type (i.e. lighting end use takes ~ 53% of the total electricity consumption for lodging building type). Table A1 lists building and end use type used in the Navy Yard analysis. Table  A2 and Table A3 show the fraction of consumption by each end use type.
2) The Navy Yard data is separated into building type, shown in Table A4 . The electricity and natural gas data are broken down into end use by making them proportional to EIA end use data calculated in step 1. These estimates of fuel use are shown in Table A5 . Q=Data withheld because fewer than 20 buildings were sampled for any cell, or because the Relative Standard Error (RSE) was greater than 50 percent for a cell in the "Total" column. 
